Although recent epidemiologic studies have suggested that increased morbidity (1) and mortality (2, 3) are associated with exposures to ambient particulates, the chemical or physical property of particulate matter which is responsible for these associations is not clear. Many of the potentially toxic components of the particles, including particle strong acidity (H+) and many trace metals (e.g., vanadium, manganese, lead, and arsenic), are associated with fine particulates (4) . Changes in size and chemical composition of particulates could lead to differences in particle toxicity that can vary between sites and over time, for equivalent mass concentrations. In the northeastern United States and southeastern Canada, the highest particle exposures occur during the summer (5,6) with sulfate representing a large fraction (40%) of the particle mass. Atmospheric conditions favoring acid aerosol formation also enhance ozone formation. Nitrogen oxide emissions are converted to gaseous acids (such as nitric and nitrous acid) and particle nitrates under conditions conducive to the formation of ozone. Thus the epidemiologic findings of adverse health effects associated with PM10
may represent an underlying casual association with some specific characteristic of the particles or effects associated with some other pollutant that is correlated with the mass concentration.
Ambient concentrations of PM1O, PM2.1, particle strong acidity, sulfate, nitrate, and ammonium, nitric and nitrous acid, sulfur dioxide, and ozone were measured for approximately 1 year in each of 24 communities in the United States and Canada as part of a study of health effects of particle strong acidity (7) . Respiratory illness and pulmonary function of approximately 15,000 children were measured in these 24 cities. This paper presents the results of the air pollution monitoring in these communities. The results of the respiratory health effects assessments, along with the observed associations with air pollution exposures, are presented by Raizenne et al. (8) and Dockery et al. (9) in this issue.
Methods
We selected study communities to provide a range of exposures to acid aerosol and ozone to limit confounding from other air pollutants, and to limit possible confounding b) population characteristics. Eight communities were monitored in the first year of the study (1988) (1989) , nine in the second year (1989) (1990) , and seven in the third year (1990) (1991) . Six communities were in Canada, and 18 were in the United States (Fig. 1) identical impactor stages which provide a sharp cut at 10 pm aerodynamic diameter (15) . Total mass of particles collected in both cases were determined gravimetrically.
In two sites with expected low particle strong acidity concentrations (Aberdeen, South Dakota, and Yorkton, Saskatchewan), samples were collected using the Harvard Impactor sampler with an aluminum honeycomb ammonia denuder (14) to measure particle strong acidity, sulfate, and ammonium. Collocated sampling has shown good agreement in particle strong acidity measurements of this sampler compared to the HEADS sampler (16).
Results
The particle and ozone measurements are summarized in Tables 1 and 2 , respectively, and the rest of the measured gaseous pollutants are shown in Table 3 (Fig. 4) . Particle strong acidity occurs during meteorological conditions that favor the conversion of sulfur dioxide to acid sulfates without the presence of excess ammonia. Although these meteorological conditions occur more frequently during summer months, they can occur in other seasons. In the more southern towns of Hendersonville, Tennessee, and Morehead, Kentucky, elevated particle strong acidity was observed during the winter months. Particle strong acidity in Uniontown, Pennsylvania, was elevated during December, April, and May, as well as during the summer months (Fig. 4) Table 1 for site codes.
The cumulative monthly percent contribution to the total annual exposure was calculated for each community. With the exception of Livermore, California, 10-20% of the acid occurred during the first 4 months of the year. Less than 20% occurred during the last three months. In the Sulfate Belt and Transport Regions, between 60 and 80% of the annual particle strong acidity exposure occurs between the beginning of May and the end of September. In contrast, in the western communities the particle strong acidity exposures are evenly distributed throughout the year.
The particle strong acidity events data from Oak Ridge, Tennessee; Parsons, West Virginia; Penn Hills, Pennsylvania; and Pembroke, Ontario-the four communities on an axis through the highest particle strong acidity concentrations-were closely examined (21) . Days were ranked by particle acidity, and the cumulative annual exposure was normalized to 100%. For comparison, the number of days required to reach 75% of the annual particle strong acidity exposure is an indication of the episodic nature of particle strong acidity events. The community farthest south, Oak Ridge, reached 75% of the annual exposure in 40% of the days. The communities to the northeast received 75% of the annual particle strong acidity exposures in less than 4 months (33%) of the year. In Penn Hills, proximate to Pittsburgh, only 22% of the days were required to reach 75% of the annual exposure. Although particle strong acidity events can occur throughout the year, particle strong acidity pollution is episodic and more likely during spring and summer months.
Interrelationships of Annual Means
The annual mean concentrations of these pollutants (Tables 1 and 2 ) provide estimates of long-term exposures for the residents of these 24 communities. The cityspecific annual mean concentration of particle strong acidity (n = 24) was moderately correlated with PMIO (r = 0.47), but strongly correlated with sulfate (r = 0.90) and PM2.1 (r = 0.82). Three exposure parameters were considered for the annual mean ozone concentration: the average maximum 1-hr mean, the average daytime 8-hr mean, and the average daily 24-hour mean. All three ozone parameters were highly correlated across the 22 communities with Pearson correlation coefficients ranging from 0.74 to 0.98. Particle strong acidity was only weakly correlated with the three ozone parameters; the strongest correlation was with the average daytime 1-hr maximum ozone concentration (r = 0.37).
Discussion
Neither sulfur dioxide nor PM10 exceeded the U.S. National Ambient Air Quality Standards during the monitoring period in any of the study communities. Sulfur dioxide concentrations reached 56 ppb on the highest single day, which is 40% of the 24-hr standard. The highest annual mean was 13 ppb, about one-third of the standard. were 60% to more than 80% of the mean PM1O mass concentration. Both particle mass measures (PM21 and PM1O) and the sulfate concentrations were highly correlated. Similarly, high correlations were observed in these two regions during the warm season between particle strong acidity and the particle measurements (PM2.1, PM1O, and sulfate).
Annual and daytime mean ozone concentrations varied by only a factor of two or three, respectively, across sites. Although the site selection did provide a contrast among clean communities (low particles, acidity, and ozone) and communities with higher air pollution, it proved difficult to find sites with high particle strong acidity but low ozone. The West Coast communities of Simi Valley and Livermore, California, had higher ozone concentrations with low particle sulfate and hence low particle strong acidity. However, these two communities had substantial gas-phase acidity.
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